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Synaptic Reorganization of Dentate Mossy Fibers and Expression
of Calcium Binding Proteins in Hippocampal Sclerosis
of Temporal Lobe Epilepsy

Sang Pyvo Kim, Seung Pil Kim, Seung Che Cho, Young Rok Cho, Ji Min Jeon,
Yu Na Kang, Kun Young Kwon, and Eun Sook Chang

Department of Pathology and Institute for Medical Science,
Keimyung University School of Medicine, Taegu TOD-712, Korea

This study was designed o identily expression of calcium-binding proteins and synaptic reorganizations of dentate mossy
fibers in hippocampal sclerosis of human temporal lobe epilepsy. Hippocampal ncuronal density was quantitively
analyzed in temporal lobe epilepsy group (n=30) o investigate the degree of hippocampal sclerosis and it was compared
with that of autopsy comtrol (n=3). To wverify the distribution of calcium-binding proteins in neurons of epileptic
hippocampi, the parvalbumin (PV)-immunoreactive and calbindin-D28K (CB)-immunoreactive neurons were quantitively
analyzed in each area of Ammon’s horn by immunohistochemical stain, Also, to clarify synaptic reorganizations of the
dentate mossy hibers, a part of each hippocampus was examined under light microscopy and transmission electron
microscopy using Timm sulphide silver method. In epileptic hippocampi, severity of hippocampal sclerosis (HS) was
graded four, which consisted of 3 cases with no HS, 6 mild HS, 12 moderate HS, and 29 severe HS. The hippocampal
neuronal loss was most prominent in CAl, followed by CA4 and CA2. Expression of calcium-binding proteins was
more prevalent in CA2 of all groups. The proportion of PV-immunoreactive neurons in CAL and CA4 significantly
increased in the moderate and severe HS group, whereas the proportion of CB-immunoreactive neurons did not correlated
with the severity of HS. Timm granules were noted in inner molecular supragranular layer of dentate gyrus of epileptic
hippocampi and they tended to increase in proportion along with the severity of hippocampal sclerosis. Transmission
clectron microscopy showed that supragranular Timm granules corresponded to synaptic terminals of mossy fibers. These
results suggest that parvalbumin appears to have more protective effect against neuronal loss and that mossy fiber synaptic
reorganization seems to play a major role in pathogenesis of hippocampal sclerosis of human temporal lobe epilepsy.
iKorean J Pathol 1998; 32: 328 —336)

key Words: Temporal lobe epilepsy, Hippocampal sclerosis, Calcium-binding protein, Timm granule, Mossy fiber syhaptic
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S st AARAAS S R A2
w| A7 ek gl zb Aol iyt FEEY FF ol
Fste] LAk EeHE, ofZ9H d Ay Ty
o= it gdatge] 27 ol Fa glaw HAgkat
o ¥zAE ol futel Yelow Wel e 79
9 e FEe Fa) Agse] gl ARl webd 4
ol =2 g ol gele] 24 14 S ATY BaHol
WFEla glew 7Rk SE2e) uhil 2 el thol A
Wx3 gl S bAstAel FeA AFE =
72 o] §3H= olth.

744 Feopo| wqtell A 7R Fag HEE @asle
A s AlETe] o 0% 5 gaehs a4
Lgoleh pAAEEE 71, Har o 7l 5 919
o) U SES Fahetn glov] mat FAMESY
FAENET SaE2 diEgTFdlelA o dAdqet ok
L e e B e U B B B R R e e
A AR e APARE ol FuA AN
AgaE QA4stan gdh’ oju] e kA AAE
< A ARAEEAY glutamate 3 Whgdhs =
FaabE AAda e speldbA o feld, o] FEAH
+ TR GABAA FAHAAMEES] dAE G 9
sho] EFwh dAle] #EHE olFa AUwl Aerl ¥
olf2AglA stzjglozd whaxv] 3 A} ke
gl uhato] elojudriy HauE|ar glok™ s helA
HAellA FEd FHoR 3 AZHLAT}) Hefeia
g AE ofu] BAZ Hlo] 3 242 FUell o
AHAEY E=4 AEE F5 parvalbumind} calbin-
din-DI8K 2 747 hebule] A AL el Eallshis
kst o] Sl AoE A7 Yokt B S
THel A Al Wl ojaly THAEY ] 2K
Ho g ubElw oA ARHASHAE Euto] )
ohe] ¢H2zta HEAle AFGAEFe] AHHY F&
S viAsle] WSS A EE (mesial temporal sclerosis)
o] ¥haE]lw ofZle]| THAMIZENE HS FHAAZ]= 7
of ghehiz 4lo] glet Eeizdel AAg Heleb
25 AW 4+ Qb A4S gle agelrh Ywge
= dlivpe) 2|43 (dentate fascia)= o Z]H = HE 1
4 AR (perforant pathway)s 53 > 2] sPHSIE
Bl RE Q9dS wor] H4sle] AYANEES 4
AAEY I} AL E FEEA FAATE A
o ¥z vk’ S5t vhak Es] Bs
L oylelzg g WaR A8Zelu, o] o)
off AlFAE Ao 2|5 gh27 443 (Ammon's homn
sclerosis)®} )43 o] MpE]HE 44 W L4 Go|
Aok’ aeh ek 9 HEa AaE Rk ST
g Asze HEHeR Urhbe duae W
¥ AR el Y2 e s JokEE A7
Fo] $4HEY] W HA4E5e] BE v Wit o =

ZEA fAnte g o o gloh olF A4E sl
Aate] Sl el (mossy fibers)2] Hrofel] 2[3
Az WA So] £ o] EEedA AAH Fe
shube Basl g gloh el 25edziA EER u
gl2}e] #ulell 4] Timm sulphide silver Z2|3}akz|g™ "
S o] &2le] ellgd5e Ak AT dEE 24
It o]l fEo] AvjAdlEdl=ErE o2 Timm sulphide
silver 7195 A 8le] gl el Al Al 59
£ geldte gy S5 7lAE wHsee Al
E£50| gleon] #up A £5] f3to] xe G
2} x-ds]e] AlHAE 442 parvalbumin 2! calbindin-
D28K e} 73 FhgrAghchulSe] Amaf REsis 4174
EUgs WA gl Ade] @ajulH veldels AR o]
g gl olel] B AFAES 25 &
A AAE dopzA s AEsie] REZ A EE9
434 =5 Fhebet & Timm sulphide silver 223487
F IR s BT B e e s e e e B B e 2
el f-2] wstekdal ojdsddistz wals e
Al spgl o, w3k S5 e o} okE el A )
Al 59l parvalbumindl calbindin-D28Kel] el
ohEE S o] B3 o=t uy g Al
F oo REE slelsle] H59 M A d)w}T
shzel vbaAAHE St og dh|ad B oops

Alsstedel

Mz 3 2
1. "33 T2

A e kel el 25 syl Eok R4
Azl 23 AAH FFsigbEste] sjol=zz F
CAl, CA2, CA4 & X 43]7} & HEse] 9& 50005
dejsielch, a2 o] W 5.2 27 2glel
ol 245 ¥ sivtz7] 3oE Adtck 2T
21, 23 9 24415 shatell ] Aol glojal ffu}zz]
o2 77 A, oA 9 9y s34z A
stglon] Aelglol Fubsl A A 5 gizich

2, WE|E RGN ZA

1) ZHEH0[EE Hg H4 #HE%5 @Wvpz23F S he-
matoxylin-eosin®d -5 HAldled 272l CAl, CAZ2
o CA4e] AZAE ok 245 gl 8 24
stom CA3dde] AFMHE £ Hzfjuld gl
glsfA =AY Ho g QST ol olSe] ol A
elelgict. #o} AAFAE] &= dfiEs= siupHdH 2
CAl, CA2 8l CA48} 2|43 sja] =2 wo)2 «200
o AJelellH fhEbgh 3 7h edede] AHYE F5 Ao
Al Absleieh, A1 A Ee] A4S Levesques''e] 7]
FE A2E ] AR, FE5E 9 IERE LEIYT
HELT azTol viete] 30% v|yke] ALde] g9le H
, FEETE 30-80%%] AMe] ¢ls HE IEES

4o o
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80% ol g8 Mol 9 A2 slglen] olule] 417
AL 2GS 506l 7had Be AR
A4E Hol= K59l CAlT} CA4z] ARHE +&
272 A7AAEL] e} vlzy E HF LUAHEE
TEE 4w g

2) Parvalbumin2} Calbindin-D28K0| CjEF Mo =
ZHEE  ZbE: Parvalbumindlt calbindin-D28K 2] b2
7 A3 ez s S 2 YAk 2 parval-
bumin (monoclonal antibody, Sigma, USA) % calbin-
din-D28K (monoclonal antibody, Sigma, USA)E 7}7}
1:500 2 1:100e2 343ted A8algdclh ==
2AQHE SotelAst G9E AU A oBe
S Ax geba wekEa)l 30% H.0.8 9182 L)
Lolell 3087F A&ofl4] wbxE 3 001 M citrate
buffer (pH 6.0)& o] T 5 microwave® 5324 23]
Zldstde. 2 F 1% A4 ol¥®d (normal horse
serum, Vectastain kit, USA)o. & 37°Cel|4] 3027 &=
F 30 uig] dxk gAE 2FHAHE He E3 coverslip
5 -2 o}g 37°Cell 4 24 3F Falch AlE E o)A gk
(biotinylated anti-mouse immunoglobulin, Vectastain Elite
kit, USA)2} avidin-biotin peroxidase complex (Vector,
USA)E 1:2002= =243 3l =t g2 F 7
#zb 37°Cel| 4] 3087 Fglck 432 phosphate-buffered
saline (PBS)S AH&3}edch Diaminobenzidine tetrahydro-
chloride (DAB)-H, O, 828 o & w3l 31 Meyer's hema-
toxyline. &£ t]x= 44 Fof #Eatglcl. Parvalbumin
T calbindin-D28Kel] th&t vief ==2eh¥ i) it
A2 fulEH 2] CAl, CA23} CA4 1 *]43 zlg]
AES Wuld x2000] Aofell 4 B F el
£ Ho|z= AAAES +F ZF e A o} 1 =
T= el 2o slidsl=s =T AAHAE 58 o]z
of Wi g g A4bslgel

3) Timm sulphide silver % 35} QM S 0| E8 &
SH0|AE zHE: Timm sulphide silver 22 &} 8}ed 2.2
Az 318} sop 3ot gl o 3ell B osfvlad 3
o 13ad]2] slvl==E]E Afslelch siubAd 3t 136
AR AQAE £AE Hel 2eeld 27 16%9}
25%2 AAFEE Hyn, FER] AAMILLS &
ol Bef)i= Z}2} 52, 59, 61, 67, 69, 73, 75 W 78% 9] 4
AFE Jehlglen], %8 AHME £45 Kol o
ol A= 81, 88 2 93% 2 A4S Kyl 2= #fu
222 30 mm F78 2HEHE tH5e] 04% so-
dium sulfide-&Hoj] 2f 2004 T o £ —4°Co 1%
paraformaldehyde®} 1.25% glutaraldehyde2] ¥ §}-8-cHo|
a5 qF oAk 23 F F4 23§ JdEAE o
o 10 pm A2 2AHE ghge] felEehe| e B
2HA)%) £ 0.5% gelatin® 2 coating4] # Danschert} '
o2 H4e o Futudes Hstod sulg o}
22t AZAE £Ao] ab2 243 Ayaigae) i
Ao Timma}eEe] wizlerag 7asigld, o=

A9 Ak ATAS HAL 4 2 okl g 1Ak
21 Sl AbEgl Habell 20% gum arabiciel, 5.6%
hydroquinone, citrate $hgoiS 712F 12:6:29] 8|l& &
Aol Afslsich Axpabd 2 Addiza v sl
ooz siepile] AAYE-FelA Timm 3}
9 EA W FoF BAHEAT Heleigic

4) Timm sulphide silver 7|H= 0|=st £01E RS
DIZ= &k Timm sulphide silver 7] -& o] &8 S}
A A DS 2 F shopx] 2elel 2Fei7
A siol Sodoll4 Alsislgclk. -4 #jolE 1.0 mm
A2 =AHHEAE ubEe] A&edl4 04% sodium
sulfide &<lef] 2f 205 AT ot F —4°C2] 1% para-
formaldehyde®} 1.25% glutaraldehyde®] Zg}89Hef 2]
S dF A A7 k-2 0.15 M sodium phosphate buffer
2 AHE b2 Alel oehgE gsigich Propylene
oxideZ *]3HF 3 Lufirlw] “of] 2)2F epon E3EZ E
e} 45°C ofeloll4] 48~ 72417 F<k AE4F A Ak
0.5% gelatin@ & coating®! slides] 1 pm 57| 2 Fuk
(semithin)¥t HHE Se|lw AA=27 cbS o}4] gelatin
o & coating4]# Danscher ubn]'“o 3 &4t ole =)
43 Ayaglas] RASYeE Ady ¥ xuam
5 9lo|4] nickel gridel] Y-2ahglch FbaAen| 77
PBZA] o]v] Al el EAfle old-& FFAELA] §
s AEg |42 gum arabic -#-Y, citrate 2EY, %
WA w S89Ng ZH2 60:10:15:152] vl 5 Hol4
Ageteleh A 87 FAY grids BN So WA
5 ghalellA 26°Cell 1417 Fb W2)eledck Gum
arabic 292 crystalline gum arabic 1 kg% 2 L2 &5
ol ol 5D AR F Azz AwA Agsie,
citrate $155oH-2- 258 9] citrate acid®} 23.5 £9] sodium
citrate S 100 mlg] Z5Foll o] ARzl &9
A2+ 085 g2 hydroquinone 15 ml2] Z5el] 4
o] Agsie], 280 011 g2 silver lactates 13
mio] EF%ol 4014 A geledel. Sgone vl
of] vzl E=)53} delas] Alsta ghdlelld 26°CE
FABA 147 b PAR F Fiael T8 A
24l & uranyl acetate?} lead citrate 5 oS- 2ol 5
4 A)2}o} Hitachi H-7200 53171 2 lu) 2 0 2 9 kahal
t}. Timm sulphide silver 7]¥S o] &2 313 =}& |
A el 28 R9E A4 ARl Ui
Zolu] o] Rgloll A Algtz AFAlo] 9 Hejell 2u)a
el o 8 Timm }gle] S7hxEle] 9l A5 #Heols)
sich

5) BHEEL E4: 927 CAlL CA2, CA4 o] )
A4 DRl Ee] AAAE e iyl 53 Ane
Wilcoxon2] H#5-2] w5 o] fale] 3 Fxlels] &
45 HAslglen Fmdichid WEHE Holx=
A7 A E 58] v&3 Wilcoxon2] £ 3555 il & o]
Habe] ozt vlsle] ZhEAghckwel wWEH S Hol
= AAAES] vlge] f2lA FrkleAE HA
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F att
1 RlaE 43

oA 5005 326|7) whal, 18ed]7) ofabgl ond,
Al 13404 424)2] RES Heluld HF 2604
Giek zhAe] W2 331 ghel gl on] &7 & el ul
)2 elelr} (Table 1).

2, 4EE0|HE 4 A

vt 3ell9] #fjulz2] 2 ¢HE7F CAlL, 2 9l CAde]
ANAAHEF] &4 glol A FAE] gelon] x4
M EFe] 4 8 AAe AR S ogledo} (Fig
la, 2a, 3a). =12 AAHAEY &= "F CALl 77.0
+2.671, CA2 57.7+£3.17Y, CA4 67.7+12.37] 2 4
B 29032040024 F 4927 1857 g} &7
Z sfiul s0sllell A ofgh 2R 36| F Al 2] gk 4740 o]
A ol skl s ok, 47409 e} 2] 417
HE AT HE7} 6of|24 2 374241317
(elat 5 £4E 253%, HE 1611 -274%)2] 4174
Z7b waEgen, FE5E7F 12424 HF 2525+
2337 (68.7%, W 52.3.79.3%) 1 %I} 200|524
H 133741167 (87%, H3 81.3-94.5%)7F 32k

Table 1. Age and sex distribution

Total(%)

Agelvears) Male Female
13~19 6 2 B(16%)
20-29 12 o 21(42%)
30~ 39 12 & 15(36%)
40 —42 2 1 3 6%)
Total 32 18 SO0 100%)

Qith (Table 2). 7+ oJo AHH L] £4 AEL:
CAl o498 ARFHE 7} dz=Fo 8] F5= 9
S ATl ZREE S 141 2087 (81.7%)%8k CAl
6.4+3.470 (9L.7%)E Folde9lA #Hasslc) (Fig. 1d).
CA2 o= =Tl vla] A, 5= o 1%
aAl el obrh bl g Moot EAHEHA
25 24 v FEv WA (Fig 2d), CA4 o oo
Atz vl SR W m% AAFella )zt
e 302+013.670 (55.7%19F 12.3 44770 (B1.8%) 2 4
FolabAl ghaele ZA3S B9l (Table 2, Fig. 3d).
g3 HEAEE dzdel vlel A=, FEE 9 2
ToAaElTell A 7 2130217290 (26.6%)2 1666+
25971 (42.6%) W 7551247 (7T4%) =2 A &fjujer=z}t
2] A7AEL] AHe] Qe B dlolA f-235A 34
5} i}

3. Parvalbumin} Calbindin-D28K0| CH&F o4
EE| 518 2

Parvalbuminel] o gt wef == 3}et ol Hap =
o] CAlefl4] whgis|= 4174 Ee] w&L FHF 29%
(o]} 7 A M ES 23406700 (Fig. 1b), CA2
ofl 4= 67% (38.7+12.170) (Fig. 2b), CAdel| 4= 2.5%
(1.7£0.670) ¢dc} (Fig. 3b). Parvalbumin k4 217 4| %
o W& o= W efiuld shitel 4] Ee] CAlR}F CA4
of Wl CA2eddefld] HAja] ghe W Rl
CA1ZF CA49]l4] parvalbumin <k4] 4173 4| 2] u]-fo]
tzatel] Blal 5= 9 k9 o} s els FA
gH e g FolaAd Sols Hes B o) CA2e)

i parvalbumin 4] A7 A E v o] sfuld e} £
AlF o5 fo gk kA7) elglel (Table 3, Fig. le, 2e, 3e).
Z43 #H A Eell 4 = parvalbuminel] tfgh wlle] o
o U ek ekt 2Rl A HolA] ekgten sjul
7} (subiculum)2] 417 4 E 52 723 WS Po]= 4
sof| A 5E] ofgk & Hels AHEnA choksiA B
Hxlgich Calbindin-D2BK o] tfgt e ==]3}sF ol
A} t)ZzFoll4 & calbindin-D28K b4 A7 4 E2 v

Table 1. Hippocampal neuronal density in the control and temporal lobe cpilepsy cases

Control No HS Mild HS Moderate HS Severe HS
n=3) in=3) in=6) n=12) {n=29)
CAl T70+2.6 782+132 67.3+57 14.1+0.8* 6.4 +34*%
CA2 577 +3.1 549+4.6 3lE=115 4161132 395+10.8
CAd 67.7+12.3 66,1 +8.8 420+ 8 9* 30.2+136% 12.3+4.7%
DF 200.3+20.4 278.0+31.1 2131 +17.2% 1666+ 25 9% 75.5+12.4*
Tiotal 4927+ 185 4772 +26.4 742+ 13.1* 2525423 3% 1337+ 11.6%

Values represent mean— SD. *P < 0.05, compared with control group. HS: hippocampal sclerosis, CA: cornu ammonis, DF:

dentate fascia.
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Fig. 1. CAT newrons of control (u-c) sl hippocampal Fip. 2. CAZ2 peurons of control {a-c} and hippecampal sclern
sclercais group (30, & Well proserved CAL nearons. b, e siz proup (d-fl. a: Well preserved CA2 neurons show pyvnotic
Parvalhumin-immunorcacive neurons are very rarely obsery nuclet, b, ¢ Most of CA2 newrens reveal parvalbumin {b and
eil. o Calhindin-D28KAmmmunersdclive neurons are frequent- calbindin-D2RK (c) immunorcactivicy. d: Mild CAZ2 neuronal
lv Tound. d. Marked neuromal loss m the severs hippocampal loss is found in the severe hippocampal sclerosis group. e,
sclerogis group. 1 A few calbindin-D2SK-immuonoreacrive fo Most of A2 neuroms show stromg immmumorcactivity for

neurons are noted, 4 parvalbumin (23 anel culbindin-D28K (1),

Tahle 3. Ratie of parvalbumin-immuonoreactive meurens e hippocarmpal neoronal density in the control and temporal lobe
PP ] !
opilepsy CHSeS -

Conirol Nu 113 Mild RS Muilerate HS Severe HS
(PA-ir neurons'hippocampal newronal densicy (%))

CAl 2.3(T7(2.9%) 2.8/78.2{3.6%) 5.367.HTUR) 19014, 142.8% ) 1.3/6.3(20. 3%
€Al 38757676 39.9/54 9(72.7%) 38/51.8(A5 3% 26,641 6(639% ) 27 2J30F(AE.9F)
CAd L7f67.7(2.55) 15766 1(2.3%) 13420031 %) 28/302{0.3% ) 0612 3(4.9%%)
DF 290, 3(0%F ) D27R(04% ) 07213, 140% ) 07166, G0 %) (75.5(0%)

Toral 42 TMAN2 TR TR 44 2477 2935, A043TA210.0%)  33RDSIS(122%) 29 1/133 T2LB%Y)

Walues represent mean, “P <0415, compared with control group. HS: hippocampal selerosis, A parvalbumin inmunoreactive,

CA: comu ammonis, DF: dentate [ascia.

£5 CAlell= d3f 74% (5705 170 (Fig L), CAZ oomlEtoml S W AR gl

83.7% (48.3212.970) (Fig. 2c), CA4 88.9% (502 + 47 o . _
4. sulphide silver =515} o =

Ah e, 3c) ) R)abE] el Fel A - 91.4% (2652 GIE;TF EL;L;E é‘;‘f ;_11—. =t EHA TIYE

+z24. 85k elimbA dled] wlE CAl CAZ, Cad S =

(Table 4, Fig. 1f, 2f, 30 @ 24s] 2542 cal- | s R IS BT B B A I - - e

bindin-D28K k4 Al g Ee] wl& 2 tfz=gtoll ol pragratialar  layver; 8]l 23E (moleeular  laverjol] 4 5=
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Ratice of calbindin-D28K immunorcactive neurons o hippocampal neoronal density o the control and temporal lobe

Moderate HS

Contral o HE Mild HS Severs HS
(CB-1r nevronstuppocampal newronal density (5% ))
CAl STTTT4AT) S3.47R.2(T0.T7%) S3.5)67 3079 5% 10614, 1{75.2%) 5. 1,"Er 4(?‘4 T }
CA2 48 35T TRR. T 44,754 B A% 42451 8(8].9%) AGEMT GRS 324030 5(B2%)
A4 e 2007 T(RA. 9% G2 160 1(93.9%) I8 002 D090 55 22397 10,3/12,3(83. 7%
DF 26522091 4% 250, 7 2TRFAAT) |98 32 131{93.1%) L3166 6(HLA%) 72 ErF“i 390, 2%
Tutul A3 TA02 T{RT 45 A2V EMTT MRSy A2 AATA R BN 125 5252 5(89 3%y 120, -4;131 TS, l';E-}

Values represenl imea.
reactive, UA: cornu ammonis, DF dentate fascia

Fig. 3. CAd neurons
sclerosis group (d-1, w: There are many hilar neurons. b, ¢
A few hilar neurons show parvalbnmin-immunoreactivity, o
Maost of hilar mewrons  show  calbindin-D2RK immunore-
activity. d:r Marked neuronul Joss in the severe hippocampal
sclerosis sroup, [0 There is a few calbindin-D28K immuncre

of comtral (a-c) and hippocampal

HOLLVE DeUrons.

a5yl oae ,2] Sl =) (hiluo)

Timm E‘] 2% Moo= alelc) (Fig. 4a). #)
VA EE kgl gl oo A AARE] Bl Al et
Fpe]ariiz=ol ) 2ald (inner molecular  laver)oll 4
Timm T Fa5 gelalsd o 2ty oz fjopds
o i@st AR wEdl oleld S5 53

Timm T =

el e

BOs, compared with confmol group. HS: hippocampal selerosts, CHArn culbindin-DEZEK fminunio-

Fig. 4. Control group (1) shows Tinnm granules only in hilus
() but not in molecular Javer (m). Timm granules {arrows)
within the inner molscular layer of dentate fascia tended o
increasze in proportion along with the severity of hippocampal
sclernsiz. Percent of hippocampul sclerosis (b 16%, o 07%
) B89

FAgd 5% BE

lluuu At 2] =715 kg o

Daiel (Fig. db, 4¢, 4d). ﬁ,;|?]-?:-4_-,? Folla] Hm}7E
5 Ko ghabd 3% c-]]f#] loi|eql 4] 2| 4b3] ohedar
HEo YEalZ=of A2 Timm 5de] Z7gk 4AH

T EL 5 gl

5. Timm sulphide silver 7|92 0|28 F21™A

B0I2E HY

WM are] sfvbaz] 244 Tk

_E,uln

A Tiwn M-S 398 ¢ glglon SRqa4T
2] aflulzal 5] 5 3od|ef]A] 243 RS R
zo] A~ aFA 8 e Timm #5588 43 5

alelet (Fig. 5).
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Fig. 5. Timm electron microscopic findings of inner molec-
ular layer of epileptic dentate fascia. Timm reaction products
(arrows) located at mossy fiber synaptic terminals (Timm
EM, original magnification = 12,000).

(mesial temporal sclerosis)o]o] b2z CAT ol ofof] 4
h e AR 245 vehdle 212 eln] e
el glek ™! el s AL Te] Haral e4el]
g S dvbzAE E4% Avle] w2
CAl, CA4, CA3, CA2 odsro g A7 A £4e] #
glElchs H-s AHsiqich B oglydae] e #ljo}id
37t B 4Te] Fell A B2 v slE 2l o7}
29cl| 2 4] 7}k e wIE S abx]algdon CAlR} CA4
o] AAFAE 4Fe] CA2¢ vl Y5+ Fo}l 4%
A8HE Hole 599 AE 89 5 v =3 =
2] el ik s Rl ellA =2 CA2 oo s] 41774
E &HEE ST 315%E vrhle] CAZ i E 7ol
ARG E2] £4o] FHkEo] glov) obF of oo v
A 7 AG M 44o] Auld B3yl HAE SH
oo algdch

oje} ko] Zb ojefyi g AFAE Wiy W A4e] A
o7} A7l= A2 o 71A Qlabgel oA s
ot a2 Felld 53] #eidla AaadiduEel
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